To clarify the effects of protein on insulin and glucose response to sugars, 14 healthy normal-weight males and females were fed test meals containing 0, 15.8, 25.1, 33.6, and 49.9 g protein along with -58 g carbohydrate. Serum samples were obtained at fasting time zero and 15, 30, 60, and 120 min postprandial. Mean areas of the glucose curves above fasting decreased with increasing protein dose. Protein-containing meals produced significantly lower (p < 0.01) areas than the protein-free meal and the relationship between blood glucose area and protein dose was significant (p < 0.001). Protein-containing meals produced significantly greater (p < 0.01) insulin areas compared with the protein-free meal. However, no differences in insulin areas among the protein-containing meals were observed. These data support previous studies showing a blood glucose moderating and insulin-enhancing effect of protein ingestion. 1987;46:474-80. 
Introduction
of wholemeal bread and cottage cheese vs wholemeal bread alone where the protein difference was only 12 g. Protein ingestion and oral or intravenous administra-
The dose-response study reported here was undertaken tion of amino acids have been shown to stimulate insulin to define the protein dose at which a significant effect on secretion and moderate postprandial hyperglycemia in serum insulin and glucose response might be expected in normal and type 11 diabetic subjects (1) (2) (3) (4) (5) . It is possible healthy subjects. also that the beneficial effect that legumes have had in terms of their glycemic index (6) and long-term dietary treatment in diabetes (7) may relate to their higher-protein Subjects and methods content by comparison with other starchy foods, in adSubjects dition to their dietary fiber, type of starch, and content j of other components.
Healthy individuals, eight females and six males aged 28-59 To date, the few studies that have examined the serum y (mean age 38 y), who were employees of the research center and free of diabetes or family history of diabetes participated insulin and glucose response to various protein doses have after voluntary informed consent was obtained. Subjects had yielded mixed results. Day et al (8) fed a constant carpreviously participated in similarly designed pilot studies that bohydrate load from whole foods while varying the protein had examined the effects of various liquid test meals on glucose dose (3.6-75 g protein) and detected differences in glucose and insulin response to simple sugars. Consequently, subjects responses at 60 and 90 min between the high-and lowwere familiar with the experimental regimen. Before participadose protein meals as well as differences in insulin levels tion in these studies, all subjects were given a standard oral gluat 60 min between the high-dose protein meal and the 
Blood glucose and insulin analyses
Glucose response Serum glucose was obtained by an automated glucose oxidase
The apparent maximum mean serum glucose rise from method (SMA24, Technicon, Terrytown, NJ) and serum insulin fasting for each protein-containing formula was seen at 
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15 min postconsumption, whereas, the test meal without areas produced by ingestion of the protein-containing test protein (ProO) appeared to reach its maximum increment meals were significantly lower (p < 0.01) than the area at the 30 min mark (Fig 1) . Each of the protein-containing corresponding to ProO. In addition, the mean areas for test meals produced lesser maximum mean glucose inthe protein-containing test meals decreased with increascrements as compared with the ProO test meal. Expressed ing intakes of protein. The differences in areas between as a percentage of the protein-free test meal, these differPro3 and Pro4 versus Prol were significant (p < 0.01). ences were significant (p < 0.01) except for Pro I (15.8 g When the logarithm of these areas was plotted vs protein protein). In addition, Pro3 and Pro4 (33.6 g and 49.9 g dose, a straight line resulted, suggesting a first-order reprotein, respectively) yielded significantly smaller (p lationship between moderation of the hyperglycemic re-< 0.01) maximum glucose increments than did Prol and sponse and dose of protein (Fig 3) . The correlation coefPro2 (15.8 g and 25.1 g protein, respectively). The time ficient was 0.986 (p < 0.001). estimated for the return to baseline of the mean glucose levels was found to decrease as the protein dose increased
Insulin response (Fig 1) . The estimated mean times were 35, 43, 45, 58, For all of the test meals, the apparent maximum mean and 76 min for Pro4, Pro3, Pro2, Prot, and ProO, reserum insulin increments from fasting were seen at 30 spectively. The time differences between test meals were min (Fig 4) . ProO, the test meal containing the sugars statistically significant (p <0.01) except for Pro3 and Pro2 alone, produced the lowest maximum rise from fasting, (p > 0.05). The maximum fall from baseline in mean although none of the differences were significant (p serum glucose levels detected within 2 h after consumption > 0.05). The only pattern related to protein dose was the did not differ significantly for any of the test meals (p insulin increment above baseline observed at the 2-h > 0.05).
mark. The increment was progressively larger with inThe mean areas of the glucose curves above baseline creasing protein dose. The mean serum insulin increment for each test meal are shown in Figure 2 . The glucose abovebaseline forPro4 was significantlylarger(p <0.01) (Fig 4) . Mean insulin levels did not return to baseline diabetic subjects that a meal of wholemeal bread and cotwithin 2 h for any of the test meals.
tage cheese (22.1 g protein, 50 g carbohydrate) did not The mean areas under the serum insulin curves above yield a significantly lower plasma glucose area above baseline for each of the protein-containing test meals were baseline than did a meal of wholemeal bread alone (12.1 significantly greater (p < 0.01) than the area corresponding g protein, 50 g carbohydrate). A comparison of the effects to ProO (Fig 5) . However, none of the differences in areas of Pro I (15.8 g protein) and Pro2 (25.1 g protein) in our between protein doses achieved statistical significance at study showed similar responses. However, when the prop < 0.05 within the 2-h sampling period.
tein doses were increased further, significant reductions in area did occur. In fact, a clear dose response effect was Discussion demonstrated from zero to -50 g protein.
Areas under the serum insulin curves did not support The lower maximum mean serum glucose increments a protein dose-response effect. However, mean insulin and earlier times at which these increments were seen, levels did not return to baseline within 2 h (Fig 4) . The along with the shorter periods of time required for glucose fact that the insulin increment above baseline at the 2 h levels to return to baseline and the reduced areas under mark was increased with increasing protein dose suggests the glucose curves, confirm the results of previous studies that, had the blood sampling period been extended, sigin both normal (3) and type II diabetic (12) subjects. These nificant differences might have been observed. studies found that after a carbohydrate load glucose eleDay et al (8) fed 3.6-75 g protein with a standard vations are clearly affected by concomitant protein ingesamount of carbohydrate from whole-food sources but detion if substantial differences exist in the protein levels in tected little variation in the effects of protein dose on gluthe meals. The finding that serum insulin response is encose and insulin response in normal subjects over 90 min. hanced by adding protein to a carbohydrate load is also However, interpretation of their results is made difficult in agreement with these studies. In addition, our results by the fact that meals were fed at noon and the fat content, known to alter gastric emptying time (I 3), varied between fed test meals consisting primarily of simple sugars and diets. The test meals used in our study were designed to oligosaccharides. Due to the length of the blood sampling contain negligible amounts of fat to avoid this difficulty. time in this study, similar conclusions regarding effects Nuttall et al (9) recently fed 0, 10, 30, and 50 g protein of protein dose on insulin cannot be made. Comparison with 50 g glucose to five mild untreated type II diabetic of these results with those of mildly overweight type 11 subjects whose percent of ideal body weight was 123 diabetics fed similar protein levels point to a greater sen-+ 23%. Only the 50 g protein treatment yielded a signifsitivity to protein ingestion on the part of normal-weight icantly lower net area (net area equal to area below basehealthy subjects. These findings are contrary to previous line subtracted from area above baseline) under the glureports of greater insulin response observed with obese cose curve as compared with the glucose treatment alone.
diabetics and indicate the need for additional research to Insulin areas were significantly greater for both the 30 and clarify the effects of protein ingestion on serum insulin 50 g protein treatments as compared with the glucose and glucose response in individuals with differing glucose treatment alone or in conjunction with 10 g protein.
tolerance status. Fajans et al (14) have suggested that obesity in type 11 We are not suggesting at this point that the protein diabetics may lead to an exaggerated insulin response to intake of the diabetic diet should be increased. Our results protein dose. However, comparison of the insulin and indicate that meal protein intakes must demonstrate difglucose responses as indicated by areas above baseline or ferences of between -10-20 g, when given in a liquid net areas (data not shown) under the respective curves meal form, before significant differences in glucose refrom our mostly normal-weight healthy subjects to that sponse are observed in healthy subjects ingesting mostly of Nuttall's mildly overweight type 11 diabetic subjects simple sugars and oligosaccharides. Further studies comsuggests that the diabetic subjects were less sensitive to paring liquid test meals with traditional foods are needed the lower doses of protein.
before the relevance of these findings to the clinical setting In summary, protein appears to exert a clear dose effect is clear. It also should be noted that the carbohydrate on glucose response as determined by mean areas above distribution of these test meals is not typical of suggested baseline under the glucose curve in normal fasting subjects diabetic meal plans. Advice to increase protein intake in the diabetic diet is premature at a time when there is conleguminous fibre diet improves all aspects of diabetic control. Lancet cern over high levels of dietary protein and renal damage fed test meals consisting primarily of simple sugars and diets. The test meals used in our study were designed to oligosaccharides. Due to the length of the blood sampling contain negligible amounts of fat to avoid this difficulty. time in this study, similar conclusions regarding effects Nuttall et al (9) recently fed 0, 10, 30, and 50 g protein of protein dose on insulin cannot be made. Comparison with 50 g glucose to five mild untreated type 11 diabetic of these results with those of mildly overweight type 11 subjects whose percent of ideal body weight was 123 diabetics fed similar protein levels point to a greater sen-± 23%. Only the 50 g protein treatment yielded a signifsitivity to protein ingestion on the part of normal-weight icantly lower net area (net area equal to area below basehealthy subjects. These findings are contrary to previous line subtracted from area above baseline) under the glureports of greater insulin response observed with obese cose curve as compared with the glucose treatment alone.
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Insulin response (Fig 1) . The estimated mean times were 35, 43, 45, 58, For all of the test meals, the apparent maximum mean and 76 min for Pro4, Pro3, Pro2, Prol, and ProO, reserum insulin increments from fasting were seen at 30 spectively. The time differences between test meals were min (Fig 4) . ProO, the test meal containing the sugars statistically significant (p <0.01) except for Pro3 and Pro2 alone, produced the lowest maximum rise from fasting, (p > 0.05). The maximum fall from baseline in mean although none of the differences were significant (p serum glucose levels detected within 2 h after consumption > 0.05). The only pattern related to protein dose was the did not differ significantly for any of the test meals (p insulin increment above baseline observed at the 2-h > 0.05).
mark. The increment was progressively larger with inThe mean areas of the glucose curves above baseline creasing protein dose. The mean serum insulin increment for each test meal are shown in Figure 2 the day of the protein-free test meal (Fig 1) . One male subject was measured using a radioimmunoassay kit (Phadeseph Insulin was unavailable for the 25.1 g protein test meal and one female RIA, Pharmacia Diagnostics AB, Uppsala, Sweden 
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